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Introduction
Fluorine containing aminonaphthalenes are of practical interest. Thus, application have found either some biologically active monofluoronaphthylamines, 1 prepared by fluorine and amino group introduction in an aromatic nucleus, or perfluoro-β-naphthylamines and perfluoro-β-naphthylenediamines accessible via aminodefluorination of octafluoronaphthalene. [2] [3] [4] [5] The latter compounds can be used as building blocks for polyimides meant for manufacturing optical wave conductors. 6, 7 Unlike this, aminonaphthalenes with partially fluorinated skeleton were until recently almost inaccessible for extensive study and application.
At the same time, reductive defluorination of N-acetyl derivatives of the polyfluoroanilines, readily accessible by ammonolysis of base polyfluoroarenes, with use of the simplest reductive system -zinc in aqueous ammonia -was developed as an unprecedentedly concise approach to previously difficultly accessible polyfluoroanilines containing 1-3 hydrogen atoms in a benzene ring, in particular in a position ortho to the amino group. 8, 9 Thanks to this, the area of quinolines and their functional derivatives polyfluorinated on a benzene ring has been opened for intensive elaboration. [9] [10] [11] [12] [13] We believed this methodology is possible to apply to N-acetyl derivatives of perfluoronaphthylamines for preparing their less fluorinated analogues unsubstituted ortho to an amino group as potential building blocks for polyfluoronaphthoazaheterocycles, some of which also can be highly biologically active (for example, by analogy with mono-and difluorobenzoquinolines 14 ).
Thereupon the purpose of this paper is to investigate reduction of the N-acetyl derivative of heptafluoro-2-naphthylamine, the latter being easily prepared by ammonolysis of octafluoronaphthalene, 5 and its less fluorinated analogues by zinc in aqueous NH 3 as a possible general and concise route to partially fluorinated N-(2-naphthyl)acetamides and, accordingly, 2-naphthylamines inaccessible by other ways.
Scheme 1. Hydrodefluorination of acetamide 1.
Striving to obtain only a monohydrodefluorination product, reduction of 1 was carried out in two versions: by triple short-term (6 h) carrying out the reaction to avoid a significant transformation of the target product promoted by the zinc ions accumulating in a reaction course, and also in diluted (15 %) aqueous ammonia in the presence of ethanol (5.5:1 by volume) and ZnCl 2 (Table 1 , entries 3 and 4). As a result, in both cases amide 2 (NMR 19 F) appeared as a main product (70-80%, 50% isolated yield, entry 4).
To check the possibility to prepare individual 3 and 4, the longer (till 70 h) interaction duration in 25-30% aqueous ammonia with the ZnCl 2 additive, particularly in combination with ethanol (Table 1 , entries 5 and 6), amides 3 and 4 were found to form in a (5-7):1 ratio with the 60-65% total content and small admixture of two more compounds (NMR 19 F data). This agreed with the GC-MS data, testifying the mixture formed (entry 5) to consist mainly of three double hydrodefluorination products (M 275; the 52, 18, and 12% contents) and the product of three fluorines removal from 1 (M 257, 10%). On the basis of these data and NMR characteristics presented in Table 2 (the discussion see below), one might believe the minor products to be, besides 4, N- (3,4,5,7,8-pentafluoro-2-naphthyl) acetamide 5 and N- (3,5,7,8- tetrafluoro-2-naphthyl)acetamide 6. The latter was identified by NMR with the authentic sample, the synthesis of which is presented below. Amides 5 and 6 are apparently formed from 2, however the sequence of fluorine atoms removal in the course of its conversion to 6 is not clear. The individual 3 failed to be isolated from the product mixtures formed in these experiments as well as upon reduction of 2 in the systems Zn-ZnCl 2 -aq. NH 3 (34%) with the ethanol additive ( Table 1 , entry 7). The purpose was achieved by reducing amide 2 in a mixture of aqueous (34%) ammonia with an ammonia solution in ethanol and ZnCl 2 ( Table 1 , entry 8) due to the complete conversion of 2 into 3 and its hydrolysis product -1,4,5,7,8-pentafluoro-2-naphthylamine 7 (61% and 17% in a product mixture, respectively). The latter was obtained in a 47% isolated yield by heating amide 3 with the concentrated hydrochloric acid in ethanol and converted quantitatively to amide 3 by action of acetic anhydride in benzene by analogy to the synthesis of 1.
9 Amide 4 formed alongside with 3 was identified by NMR with the authentic sample, the synthesis of which will be described separately. The result similar to entry 8 (Table 1) was achieved after prolonged reduction of 2 by Zn-Cu couple in concentrated aqueous ammonia with a small additive of ethanol, amine 7 being the main product in this case due to hydrolysis of 3 (Table 1 , entry 9). The use of Zn-Cu couple as a reducer allowed to propel the amide 2 hydrodefluorination until removal of two fluorine atoms to yield basically amide 6 (56% of a product mixture, Table 1 , entry 10) isolated by crystallization from ethanol in a 33% yield. Its structure was confirmed by X-ray analysis. Reduction of 1 by Zn-Cu couple in aqueous ammonia (34%) led to complex mixtures of the products corresponding a removal of 3-5 fluorine atoms, including 6 (30-35%). Amides 2 and 6 were smoothly hydrolyzed to 1,3,4,5,7,8-hexafluoro-2-naphthylamine 8 and 3,5,7,8-tetrafluoro-2-naphthylamine 9, respectively, in high yields (97-98%).
The above regioselectivity data suggest that in going from 1 to 2 the main reaction channel is changed. Defluorination of 1 at the position 6, which is remote from the acetamido group, implies that the specific ortho-selectivity, revealed earlier for pentafluoroacetanilide 10 as catalysed by zinc cations, 9 does not occur in this case. Unlike this, ortho-defluorination of 2 suggests this effect to operate. It was obvious that to check a reality of zinc cations implication to this difference, the reduction of these amides should be carried out in the presence of some additives blocking a participation of zinc cations in the process. Pursuing this, we studied an influence of some salts on a course of reduction of amide 10 (as a model substrate), 1 and 2 by zinc in aqueous ammonia.
Influence of salt additives on a course of reduction of polyfluoroarylacetamides by zinc in aqueous ammonia
Reduction of amide 10 (Scheme 2) was carried out in concentrated aqueous ammonia (d = 0.87-0.89, 7 mL per 1 mmol of 10) for 25 h with the reagent molar proportion 10:Zn:additive (A) = 1:10:3.
The product distributions are shown in Table 2 .
Scheme 2. Hydrodefluorination of pentafluoroacetanilide.
These data show the salt additives to more or less redistribute an ortho/para (o/p) product ratio in favour of the latter, probable depending on their capability to counteract the complexation of amide 1 with a zinc cation (a special study is needed to reveal the reasons of certain salt effects), ammonium thiocyanate being most efficient. With use of this salt as an additive hydrodefluorination of 1 yielded only amide 2, whereas further defluorination was completely suppressed (Table 1, entry 11). Processing of 2 in the same conditions gave no any products, amide 2 remaining intact (Table 1, entry 12). In our opinion, this result convincingly testifies to a reality of the above change of a reaction channel in going from 1, which defluorination does not involve a specific participation of zinc cations, to 2. The latter is not capable to be reduced in the same conditions, apparently, by virtue of its smaller electron-accepting ability compared with 1. This may well be caused by the lack of fluorine atom in position 6, since the consecutive hydrodefluorination of polyfluorobenzenes in similar conditions is known to stop after the set of five or four neighboring fluorine atoms is destroyed. 8, 9, 15, 16 as in a spectrum of amide 1. Unlike this, the signal at δ 45.5 ppm (hereinafter relatively C 6 F 6 as an internal standard, δ F = 0) assigned to F 5 is low-field shifted by 31.5 ppm from that of 1 as a consequence of the fluorine replacement by hydrogen in a near-by ortho-position. 16 For the similar reason the signal which is low-field shifted by 21.5 ppm from its counterpart in 1 belongs to F 7 . In a 1 H NMR spectrum there are signals characteristic for an acetamide group (the signal at δ 9.2 ppm belongs to NH, and that at δ 2.2 ppm -to methyl hydrogens), and also the signal at δ 7.6 ppm assigned to H 6 
37.0 (m) 4 The exact assignment of inter-ring spin coupling constants is difficult with a zinc cation. To check up, whether this corresponds to the observable fluorine removal from position 6 of amide 1, we calculated the geometrical structure and SOMO of its RA 1 -• by the ROB3LYP 6-31+G* method ( Figure 1 ). One can see that the single occupied МО (SOМО) in this RA is dispersed over a naphthalene nucleus, and the electron density is somewhat larger in the tetrafluorinated ring, thus promoting a fluoride ion elimination from this ring. Nevertheless, no possibility to unequivocally infer, in which position the RA decay should occur, is provided by these data.
In 19 F NMR spectrа of product mixtures ( that testifies an occupation of ortho-position by hydrogen rather than by fluorine.
Discussion of the reaction mechanism Hydrodefluorination of amide (1).
Rationalization of the revealed orientation of hydrodefluorination of amides 1 and 2 by zinc in aqueous ammonia is based on the previously proved notion 9 that key stages in this process are single electron reduction of a substrate and the subsequent fast fragmentation of a derived radical anion (RA) with an elimination of fluoride anion and formation of a polyfluoroaryl radical. The latter is reduced to a polyfluoroaryl anion, the protonation of which completes the formation of a hydrodefluorination product. With reference to amide 1, this is depicted by Scheme 3. According to this scheme, it has been shown for the hydrodefluorination of amide 10, 9 that removal of fluorine para to the acetamido group occurring in the initial phase of the process, that is without a participation of zinc cations, is consistent with the quantum-chemically calculated structure of RA 10 -• including the significant out-of-plane deviation of the para-C-F bond.
Since the fragmentation of a planar RA is symmetry forbidden and demands the breaking C-F bond to out-of-plane deviate in the transition state (TS), 20 the occurrence of such deviation in the RA ground state is the important prerequisite for its realization. However, as soon as zinc cations accumulate enough in the reaction course or a zinc salt is added ab initio, the ortho-fluorine removal becomes prevailing. This specific effect was explained by formation of the complex of amide 10 with a zinc cation, the latter being coordinated with the oxygen atom of the acetyl group. As a stronger electron acceptor, this complex was supposed to be reduced faster than amide 10 itself, and the reduction product, as a result of an additional innercomplex coordination of a zinc cation with the ortho-fluorine, eliminates ZnF + to yield the corresponding polyfluorinated ortho-acetamidoaryl radical.
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Compound 1 is defluorinated by zinc in aqueous ammonia not via the position ortho to the acetamido group throughout the entire reaction or even upon the initial addition of a zinc salt (Table 1) . This forces one to think that the free substrate is reduced in this case rather than its. . Like the fluorine nucleophilic substitution in polyfluoroarenes, in particular in polyfluoronahthalenes 5 , preferable is the fragmentation of RA 1 -• at one of β-positions of the tetrafluorinated ring. According to these notions, its realization at position 6 rather than at position 7 may be explained by comparison of two RA σ-complexes 11 and 12, which differ by permutation of the fluorine and acetamido substituents in the β-positions of other ring and by the interaction of each of them with the negative charge located on a respective ipso carbon atom. In structure 11, which models the TS of the experimentally observed hydrodefluorination at position 6, the negative charge does not experience an essential destabilizing electron-releasing effect of the nitrogen atom owing to the latter's conjugation with the carbonyl group and out-of-plane rotation of the acetamido group. As a result, this group exerts, obviously, only a weak electron-withdrawing and, accordingly, stabilizing effect with respect to the ring. Unlike this, in structure 12, corresponding to the fluorine removal from position 7, a destabilizing repulsion occurs between the negative charge and the fluorine electron pair (cf. 21 ). Legitimacy of such qualitative evaluation was supported by the calculation under the program "Priroda" in the PBE/3z approximation 22 of the model σ-complexes corresponding to a fluoride anion addition to the 6-and 7-positions of 1 which has shown that the first one is ~2 kcal/mol more stable than the second.
Naturally, a question arises as to why in this case, unlike amide 10, the free amide is reduced rather than its zinc cation complex. This fact stands with the found out earlier hydrodefluorinations of para-acetamidotetrafluorobenzonitrile at the position ortho to a cyano group and 4-acetamidononafluorobiphenyl at position 4'. 15, 16 These compounds and amide 1 differ from amide 10 by the presence, instead of para-fluorine, of the fragment, exerting an electronwithdrawing resonance effect to diminish the nitrogen conjugation with the carbonyl group and, respectively, the oxygen basicity. Besides, it is not excluded that amide 1 is less soluble in aqueous ammonia than amide 10. Both these factors should diminish the equilibrium content of the zinc cation complex of 1 in relation to the free 1 that benefits the latter's reduction. This concentration factor can be additionally strengthened by an expected larger electron affinity of naphthamide 1 in comparison with benzamide 10, that proved to be true by the calculated (B3LYP/6-31+G*) values of gase-phase adiabatic electron affinities (AEA) of 1.06 eV for 1 and 0.74 eV for 10. The account of a solvation by water gave 2.50 and 2.32 eV for 1 and 10, accordingly, thus reflecting, first, a significance of solvation of their RAs by a polar solvent and, secondly, the tendency to diminution under influence of this factor of the difference in AEA values of these amides. Keeping in mind that calculation performed describes only a nonspecific solvation, a specific one is not excluded to make the solvation contribution is even greater.
In view of a possibility that hydrodefluorinations of amides 1 and 10 proceed via different courses, a question arises as to whether this is due to not only the above reasons, but also the different electronic structures of single electron reduction products of the zinc complexes of 1 and 10 -radical cations (RCs) 1-Zn +• and 10-Zn +•
, respectively, we executed the corresponding "Priroda" 22 calculation. Besides, as in this case the solvation influence is rather complicated to account, in order to evaluate the significance of this factor the radical reduction products of the protonated amides 1 and 10 (1-H • and 10-H • , respectively) were calculated as simplified models. The geometry optimization of their structures revealed the protonation to occur on the acetyl oxygen atom and the odd electron to be located on the acetyl carbon atom (for 10 see Figure 2 ). In both cases, a coordination occurs between the added proton and ortho-fluorine. For 1-H this intramolecular hydrogen bonding is minimally (~1 kcal/mol) preferable for the fluorine atom occupying the α-position of a naphthalene skeleton compared with the β-fluorine. Moreover, the calculation has shown that, already in a gas phase, the energetically favourable elimination of HF from 1-H
• and 10-H • occurs to form the respective ortho-acetamidoaryl radicals. In the case of
10-H
• the energy barrier of this transformation was evaluated as 5.6 kcal/mol by the PBE/3z calculation and 12.1 kcal/mol by the B3LYP/6-31+G* one. The account of solvation at the CPCM/B3LYP level did not lead to the essential redistribution of a single electron density, but reduced the reaction barrier to 7 kcal/mol. At the same time, the PBE/3z calculation predicted the expansion of aromatic system in going from 10-H • to 1-H • to noticeably increase the reaction barrier: up to 7.9 and 9.5 kcal/mol for the near-by to the NHCOCH 3 group α-and β-positions, respectively. This result is compatible with the CV measurement results (vide infra). which can be pictured by structure 13 substantially differs from the earlier 9 suggested structure 14 in which an odd electron is located in the N-(polyfluoroaryl)acetamide ligand and the Zn···ortho-F coordination occurs, the combination of these peculiarities being favorable for a selective cleavage of ortho-C-F-bond and an elimination of the ZnF + cation. However, unlike 1 -• , in the case of 2 -• solvation by water did not appreciable change the SOMO in comparison with a gas phase, and there is no a SOMO density in position 3, from which the fluoride removal mainly occurs. We believe that from this result the essential conclusions can be inferred, as follows. First, the redistribution of electron density in going from a gas phase to an aqueous solution predicted computationally for 1 -• is a cumulative consequence of the solvation and the presence in one of rings of four fluorine atoms standing alongside each other. The lack of F 6 , obviously, considerably weakens an electron-accepting capacity of this ring, which is not offset by solvation enough for the full odd electron location and the fluoride anion elimination from this ring. Secondly, for this reason a selective removal of fluoride anion from positions ortho to the acetamido group, mainly from position 3 (Table 1) , is not determined by the structure of RA 2 -• . Even in a polar solvent, the latter remains planar so that the fluoride anion elimination is symmetry forbidden (there is no efficient mixing of π-and σ*-МО).
The above results compels to think that hydrodefluorination of amide 2 is oriented by the effect of zinc cations found out earlier 8, 9 and considered above for amide 10. Besides the basic distinction in the calculated electronic structures of 1 -• and 2 -• , two more factors may promote such a change of the route of this transformation in going from 1 to 2. First, decreasing the electron-accepting capacity of the ring wherefrom one fluorine atom is removed should increase the basicity of acetyl oxygen and, accordingly, an equilibrium concentration of complex 2-Zn 2+ relative to the free amide 2. Secondly, for the same reason one should expect a decreased substrate electron affinity that proves to be true by comparison the above AEA for 1 and the analogously calculated values of 0.98 and 2.41 eV for 2 in a gas phase and in water, respectively.
Comparing these values with those for 10 (vide supra), a disparity is revealed that, as shown above, amide 2 unlike 10 is not reduced at switching-off the zinc cation effect by a thiocyanate anion additive. In our opinion, considering actual irreversibility of the reduction caused by the subsequent fast decay of initially formed RAs (cf. ref. 23) , it specifies a likelihood that the correlation of defluorination rates of amides 1, 2 and 10 is caused not only by their AEA values, but also by relative propensity of their RAs to decay. The latter, obviously, is appreciably caused by the fact that 1 and 10, unlike 2, have four and five near-by located fluorine atoms, accordingly. Together with a solvation, in the case of 1 -• this structural feature promotes a negative charge concentration in the tetrafluorinated ring and an out-of-plane deviation of the C-F bond thereby facilitating the RA fragmentation. According to the data, 20 10 -• has the same prerequisites for a rapid decay. As well as for 1-H • , in 2-H • the intramolecular hydrogen bond was calculated energetically a little more preferable with F 1 (in this case the difference in favour of it in comparison with F 3 is only 0.3 kcal/mol) and, accordingly, the fragmentation energy barriers were found as 9.0 and 10.3 kcal/mol for F 1 and F 3 , respectively. This correlation is opposite to that observed in the experiment (Table 1) , the latter being believed to be due to the zinc cations effect. However, the difference in calculated activation energies for the fragmentation of 2-H • at positions 1 and 3 is symbolic, so that for the fragmentation of 2-Zn +• this correlation may turn out opposite due to, for example, the TS geometrical parameters associated with the larger zinc atomic radius compared with hydrogen. The cyclic voltammogram of 2 contained the irreversible 1С peak at Е р = -1.90 V which is diffusionally controlled up to 50 V/sec. The reduction potentials of 1 and 2 are close (∆Е р = 0.07 V), so that 2 is also reduced to some extent in conditions of the amide 1 reduction. However, assuming heterogeneity factors for reduction of 1 and 2 to be almost identical and the rates of their RA formation to be controlled basically by the reduction potentials, the above difference in E p values corresponds to a ratio of equilibrium constants ~15 of 1 -• and 2 -• formation at room temperature. Together with a probable smaller decay rate of 2 -• compared with 1 -• owing to the general tendency to slowing down the polyfluoroarene RA fragmentation with diminishing the fluorine substitution, 23 this seems capable to cause the above distinctly discernible difference in defluorination rates of amides 1 and 2. This is compatible with the more cathodic position of peak 1С in the case of amide 3 (-2.03 V).
Cyclic voltammetry (CV) study

Solid-state molecular structures
Crystallographic data on new compound 6 can be found in Table 4 . Figure 4 depicts the solidstate molecular structure. According to the X-ray diffraction data, molecules 6 are perfectly planar in the crystal. The standard deviation from the mean plane (except CH 3 fragment) is 0.044 Å. In general, the bond lengths 6 are in good agreement with those. 24 The crystal structure of 6 reveal π-stack with a slipped-parallel arrangement of the neighboring molecules in a head-to-tail manner. The separation between the planes of π-stacked molecules is 3.35 Å (Cg*...Cg 3.596(1) Å). In crystal packing of 6 observed is the short intermolecular contacts between molecules from the neighboring π-stacks: H1A...O1 1.98, F5... 
Experimental Section
General.
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F and 1 H NMR spectra were recorded on a Bruker AV-300 and a Bruker AM-400 spectrometers, internal standards -C 6 F 6 (δ F = 0) and residual protons in deuterated solvents, respectively. HRMS data were obtained with a "DFS" spectrometer. The GC-MS analyses were performed with a Hewlett-Packard G1081A apparatus, consisting of a gas chromatograph HP 5890 series II and a mass-selective detector HP 5971 (electron impact, 70eV) by using a 30×0.25×0.25 mm column with HP-5 oil. Melting point measurements for compounds 6 and 9 were carried out in thermosystem Mettler Toledo FP900 with rate of heating 1 ºC/min, for compound 7 -in STA system NETZSCH STA 409 PC/PG with rate of heating 10 ºC/min. Aqueous ammonia was "Pure" grade, zinc powder was "ZP-2". Solvents and reagents were reagent quality. The CV measurements were performed for degassed 2·10 -3 M solutions of acetamides 1, 2, 3 in DMF at 295 K in an argon atmosphere using CVA-1BM potentiostat equipped with a LabMaster analog-to-digital converter with multifunctional interface (Institute of Nuclear Physics, Russian Academy of Sciences, Novosibirsk). The measurements were carried out in a mode of triangular pulse potential sweep in three-electrode electrochemical cell (V = 5 cm 0.51 -0.30 were 0.05-100 V·s -1 , the peak potentials were quoted with reference to a saturated calomel electrode. X-ray data (Table 4) for amide 6 were obtained on a Bruker Kappa Apex II CCD difractometer. Absorption correction was applied using the SADABS program. The structure was solved and refined by the full-matrix least-squares method in an anisotropic approximation using the SHELXL-97 program. 25 The obtained crystal structure was analyzed for short contacts between non-bonded atoms using the PLATON program. 26 CCDC 785682 contains the supplementary crystallographic data for compound 6. These data can be obtained free of charge from Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif. Most of the calculations were carried out using the program GAMESS 27 in a ROB3LYP with use of a standard basic set 6-31+G*. The solvation influence was considered within the CPCM model with using water as a model solvent. Resource-intensive calculations of proton and zinc cation complexes of the RAs were run under the program "Priroda" in a PBE/3z approach. 22 The structure and MO images were obtained by means of a program MOLDEN. 28 Compound 1 was prepared according to the literature procedure. 5 Aqueous ammonia (25%) was "Pure" grade and additionally saturated with gaseous ammonia to obtain 34% (d = 0.88 g/cm 3 )
solution. Ammonia solution in aqueous (95%) ethanol (d 5 = 0.79 G/mL) was prepared by gradual addition of ethanol (300 mL) to distilled liquid ammonia (100 mL) at -70÷-40 °С with the subsequent heating of the solution up to ~5 °С. Activated zinc (powder) was prepared by a technique, 22 Zn-Cu couple -by a technique. 12 Solvents and reagents were reagent quality.
General procedure for reduction of polyfluorinated naphthylacetamides by zinc in aqueous ammonia
A mixture of a substrate, ammonia solution and, when used, a ZnCl 2 additive (Table 1) was stirred for specified time at ambient temperature. Then mixture was allowed to settle, filtered, organic products were extracted by CH 2 Cl 2 both from a filtrate and a precipitate. Combined extracts were dried with MgSO 4 and solvent was evaporated. The residue was analyzed by NMR and, in some cases, by GC-MS. The results are presented in Table 1 .
General procedure for deacetylation of polyfluoronaphthylacetamides
A mixture of a substrate, ethanol and conc. HCl was refluxed for 0.5-1 h, cooled and conc. aqueous NaOH solution was added on stirring up to getting a weak alkaline reaction. Organic products were extracted by СH 2 Cl 2 . After drying the extract with MgSO 4 and removal of the solvent, an amine was obtained. 
